Tagetus erecta (Compositae) is an erect annual herb grown as an ornamental plant for its beautiful blooms. This species was introduced to India by the Portu ghese, and now this has become a popular garden plant in many parts of India. The relatively long blooming period and good keeping quality of the flowers add to its ornamental value. However, the tall habit of the plant is felt as an undesir able character.
Material and methods
In order to determine the effective concentration of colchicine solution in inducing polyploidy in the plant, initial screening experiments were conducted using different concentrations of colchicine solution, and it was found that 0.15 and 0.2 per cent aqueous solutions were most effective. Following this, ten plants were treated with each of the two concentrations, and ten plants grown as controls. Treatment was made at the apical buds of seedlings at the 2-leaved stage. The buds were covered with small pieces of sterile cotton, and the solution dropped on to the cotton at regular intervals of 4 hrs/day. Treatments were administered from 9A.M. to 1P.M. for three consecutive days. Care was taken to see that the cotton did not dry up during the treatment period. Everyday, after treatment, the cotton pieces were removed, and the growing tips washed in distilled water. Individual treated plants and the controls were grown in separate pots under identical conditions. Cytomorphological observations were made from the full-grown plants. Chromo some studies were made from PMCs at meiosis. For this young flower buds were fixed in 3:1 Carnoy's fluid. Slides were prepared by the haematoxylin technique (Henderson and Lu 1968) .
Observations
Eight of the ten plants treated with 0.15 per cent colchicine solution survived, of which four were tetraploids.
In the case of plants treated with 0.2% solution, seven plants survived of which six were tetraploids.
Cytomorphological obser vations on all the tetraploid plants and the diploid controls were made. Data relating to characters such as plant height, basal circumference of the stem, number and size of stomata, diameter of the capitulum, size of mature pollen grains and pollen fertility are summarised in Table 1. The leaves of the colchiploid plants were thicker and bigger in size and darker green in colour. Three of the tetraploid plants showed bifurcation of the terminal buds of their main stem. Size of stomata, capitulum and pollen grains showed significant increase in the tetraploids. Thickness of the stem (basal circumference) was almost the same both in the controls and the colchiploids, however plant height showed significant reduction in the latter. Table 1 . Cytomorphological data on the diploid and colchicine induced tetraploid plants of Taaetus erecta * The pollen fertility percentages were converted into proportions for calculating mean and standard error by sin transformation. ** Calculated 'z' value is significant . *** Calculated 't' or 'z' value is not significant . Table 2 . Chromosome associations at diakinesis/metaphase I stages in the induced tetraploid plants of Tagetus erecta Meiosis in the diploid controls and colchiploids was studied in detail. The controls showed 12 bivalents consistently in all the PMCs examined at diakinesis and metaphase I (Figs. 1, 2) , and this agrees with the earlier reports in this species (Eyster 1939 , Towner 1958 , Mehra et al. 1965 . Further stages of meiosis was normal, and there was appreciable pollen fertility (80.5%). Meiosis in the col chiploids was not very normal on account of some amount of multivalent formation Induced Polyploidy in Tagetsu erecta L. 805
and the consequent irregular segregation of chromosomes. In all, 130 PMCs at diakinesis/metaphase I were examined, and the data of chromosome associations are presented in Table 2 .
Majority of the PMCs showed a few quadrivalents and/or trivalents, while in about 20% of the PMCs, multivalent associations were not observed. Fig. 3 Figs. shows a PMC with 22 bivalents, one trivalent and one univalent, while Fig. 4 shows a PMC with the maximum multivalent associations noticed (4 quadrivalents, 4 trivalents, 8 bivalents and 4 univalents). Unequal segregation and some degree of lagging of chromosomes were noticed at anaphase stages. Fig. 5 shows such a cell at anaphase II. The colchiploids showed about 50.5% pollen fertility as against 80% in the controls.
Discussion
Reduction of pollen and seed fertility is known to be the most conspicuous and universal effect of polyploidy.
With respect to this feature, extreme variation has been recorded, ranging from complete sterility as in Gossypium herbaceum to over 80 % fertility as in certain tetraploid varieties of maize (c.f. Stebbins 1950) . There are two different concepts which account for the reduction in fertility in autopoly ploids, the cytological concept and the genetical. Empirical data are available which support each of the two concepts (Gottschalk 1978) . According to the cytological concept, meiotic abnormalities, especially the formation and irregular segregation of multivalent chromosomes are responsible for this reduction.
In the present colchiploids, eventhough multivalent associations were noticed in the majority of PMCs examined, their overall frequency was relatively low. Moreover in about 20% of the PMCs, there was no multivalent association at all, and this must be due to the smaller size of most of the chromosomes of the complement and the consequent reduced chiasma formation in them. The extent of fall in pollen fertility noticed in the cholchiploids, although significant, is much less than what is expected in an autotetraploid and this may be attributable to the relatively low incidence of multivalents.
The popular conception that polyploidy produces gigas types is no more held as a universal feature now. There are reports of even reverse situations in many colchiploids (Sen and Vidyabhushan 1960, Schertz 1962) . Most often polyploidy increases cell size in the meristematic tissues, but the eventual size of individual organs and plant size depends largely on cell elongation and the number of cells pro duced during growth. Both these processes may be adversely affected by the poly ploid condition. In general, the gigas effects are seen and expressed strongly in organs with a determinate type of growth (Stebbins 1950) . In the present instance, the colchiploids showed gigantism in certain such plant parts, particularly the stomata, pollen grains and the capitulum.
But polyploidy apparently showed no effect on plant size. The thickness of the stem in the colchiploids remained almost the same as in the diploids, while plant height is seen to be considerably reduced in the colchiploids, and this is an important character from the horticulatural point of view. Similar reduction of plant height through induction of polyploidy is re ported earlier in a number of ornamental plants ( Bose and Mukerjee 1967, Bose and Panigrahi 1969) .
Summary
Polyloidy was induced in the ornamental plant , Tagetus erecta (n=12) using 0.15 and 0.20 percent colchicine solution . Cytomorphological analysis of the colchiploids and diploid controls was made . It is seen that colchiploidy has effected significant enhancement of size of the capitulum and reduction in height of the plant. Both these characters add to the ornamental value of the plant.
